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(54) Lithographic projection apparatus with substrate holder 



(57) A lithographic projection apparatus comprising: 

• a radiation system (7) for supplying a projection 
beam (25) of radiation; 

• a mask table (5) provided with a mask holder (27) 
for holding a mask (29); 

• a substrate table (1 ) provided with a substrate hold- 
er (17) for holding a substrate (19); 

• a projection system (3) for imaging an irradiated 
portion of the mask (29) onto a target portion (35) 
of the substrate (1 9), 

the substrate holder (17) comprising a plate (2) having 
a face (4) which is provided with a matrix arrangement 
of protrusions (6), each protrusion (6) having an extrem- 
ity (6') remote from the face (4) and being thus embodied 
that the said extremities (6') all lie within a single sub- 
stantially flat plane (6 B ) at a height H above the face (4), 
the substrate holder (17) further comprising a wall (8) 
which protrudes from the face (4), substantially enclos- 
es the matrix arrangement, and has a substantially uni- 
form height h above the face (4), whereby h < H, the 
face (4) inside the wall (8) being provided with at least 
one aperture (10) extending through the plate (4) and 
through which the area enclosed by the wall (8) can be 
accessed, whereby: 

• the matrix arrangement comprises a series of con- 
centric circles (1 2) whereby the protrusions (6) are 
disposed along each circle (12) at substantially reg- 
ular arc urate intervals; 

• the wall (8) is substantially circular, and is concen- 
tric with the said circles (12); 

• the radial distance x between the wall (8) and the 



circle (12) nearest thereto satisfies the relationship 
0.3 < x/d < 0.6, where dis the mutual radial sepa- 
ration of the two circles (12) nearest the wall (8). 
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Description 

[0001] The invention relates to a lithographic projec- 
tion apparatus comprising: 

5 

• a radiation system for supplying a projection beam 
of radiation; 

• a mask table provided with a mask holder for hold- 
ing a mask; 

• a substrate table provided with a substrate holder 10 
for holding a substrate; 

• a projection system for imaging an irradiated portion 
of the mask onto a target portion of the substrate, 

the substrate holder comprising a plate having a face is 
which is provided with a matrix arrangement of protru- 
sions, each protrusion having an extremity remote from 
the face and being thus embodied that the said extrem- 
ities all lie within a single substantially flat plane at a 
height H above the face, the substrate holder further 20 
comprising a wall which protrudes from the face, sub- 
stantially encloses the matrix arrangement, and has a 
substantially uniform height h above the face, whereby 
h < H, the face inside the wall being provided with at 
least one aperture extending through the plate and 25 
through which the area enclosed by the wall can be ac- 
cessed. 

[0002] An apparatus of this type can be used, for ex- 
ample, in the manufacture of integrated circuits (ICs). In 
such a case, the mask (reticle) may contain a circuit pat- 30 
tern corresponding to an individual layer of the IC, and 
this pattern can then be imaged onto a target area (die) 
on a substrate (silicon wafer) which has been coated 
with a layer of photosensitive material (resist). In gener- 
al, a single wafer will contain a whole network of adja- 35 
cent dies which are successively irradiated through the 
reticle, one at a time. In one type of lithographic projec- 
tion apparatus, each die is irradiated by exposing the 
entire reticle pattern onto the die in one go; such an ap- 
paratus is commonly referred to as a waferstepper. In 40 
an alternative apparatus — which is commonly referred 
to as a step-and-scan apparatus — each die is irradiat- 
ed by progressively scanning the reticle pattern under 
the projection beam in a given reference direction (the 
"scanning" direction) while synchronously scanning the *s 
wafer table parallel or anti-parallel to this direction; since 
the projection system will have a magnification factor M 
(generally < 1), the speed v at which the wafer table is 
scanned will be a factor M times that at which the reticle 
table is scanned. More information with regard to litho- so 
graphic devices as here described can be gleaned from 
International Patent Application WO 97/33205. 
[0003] Up to very recently, apparatus of th is type con- 
tained a single mask table and a single substrate table. 
However, machines are now becoming available in ss 
which there are at least two independently movable sub- 
strate tables; see, for example, the multi-stage appara- 
tus described in International Patent Applications WO 



98/28665 (P-0071 ) and WO 98/40791 (P-01 01 ). The ba- 
sic operating principle behind such multi-stage appara- 
tus is that, while a first substrate table is underneath the 
projection system so as to allow exposure of a first sub- 
strate located on that table, a second substrate table 
can run to a loading position, discharge an exposed sub- 
strate, pick up a new substrate, perform some initial 
alignment measurements on the new substrate, and 
then stand by to transfer this new substrate to the expo- 
sure position underneath the projection system as soon 
as exposure of the first substrate is completed, whence 
the cycle repeats itself; in this manner, it is possible to 
achieve a substantially increased machine throughput, 
which in turn improves the cost of ownership of the ma- 
chine. 

[0004] In order to achieve good image definition and 
layer overlay in each die, the irradiated surface of the 
wafer should be kept as flat and as stationary as possi- 
ble during exposure of the wafer. Known lithographic ap- 
paratus addresses these demands using the substrate 
holder hereabove specified, on which a wafer can be 
placed so that its backside is in contact with the protru- 
sions, all of which lie in a well-defined plane. By con- 
necting the aperture(s) in the plate to vacuum generat- r 
ing means, the backside of the wafer can be sucked se- 
curely against the protrusions, whereby the wall serves 
to contain the partial vacuum thereby required; to this 
end, the wall geometry must be matched to a given wa- 
fer diameter, so that the wafer overshoots the wall (typ- 
ically by a margin of the order of about 2 mm). The use 
of protrusions in this manner ensures that only a fraction 
of the area of the backside is actually pressed against 
a solid surface; in this way, the distorting effect of any 
particulate contamination on the backside of the wafer 
is minimized, since such contamination will most prob- 
ably be situated in the empty spaces between protru- 
sions rather than being pressed against the top surface 
of a protrusion. 

[0005] A problem with this known approach is that, 
since the wafer rests on a discrete number of protru- 
sions rather than a continuous flat surface, and since 
the backside of the surface is sucked forcefully against 
such protrusions, the (elastic) wafer can tend to "sag 0 
in areas where it is not supported by a protrusion. This 
effect can be a particular nuisance along the edge of the 
wafer, where the resulting distortion of wafer flatness 
can result in poor-quality edge dies. 
[0006] It is an object of the invention to alleviate this 
problem. More specifically, it is an object of the invention 
to provide a lithographic projection apparatus having a 
substrate holder which ensures excellent substrate flat- 
ness over the whole surface of a substrate held there- 
upon. In particular, it is an object of the invention that, 
when a semiconductor wafer is held on such a substrate 
holder, the flatness of the wafer's edges should fail with- 
in the specifications required to produce satisfactory 
edge dies, at least for resolutions down to 0.20 um 
[0007] These and other objects are achieved in an ap- 
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paratus as specified in the opening paragraph, charac- 
terized in that: 

• the matrix arrangement comprises a series of con- 
centric circles whereby the protrusions are dis- 
posed along each circle at substantially regular ar- 
curate intervals; 

• the wall is substantially circular, and is concentric 
with the said circles; 

• the radial distance x between the wall and the circle 
nearest thereto satisfies the relationship 0.3 < x/d< 
0.6, where d is the mutual radial separation of the 
two circles nearest the wall. 

[0008] In experiments leading to the invention, the in- 
ventor arrived at the insight that the deviation from flat- 
ness along the edge of a wafer on the known substrate 
holder was dependent on a number of factors, including 
the form of the matrix distribution of protrusions, the form 
of the wall, and the interface between the wall and the 
protrusions. After performing numerical modeling and 
subsequent tests, it was found that edge flatness was 
improved if a uniform separation x was maintained be- 
tween the wall and the outlying protrusions of the en- 
closed matrix distribution. However, this measure in it- 
self was not enough to ensure acceptable edge flatness, 
and any attempts to tune the value ofx led to confusing 
results, whereby unacceptable edge flatness was ob- 
served both for relatively small and relatively large val- 
ues of x. Upon further analysis, it transpired surprisingly 
that the value of x had an effect not only on the magni- 
tude of the distortion (deflection) along the edge of the 
wafer, but also on its sign, i.e. the wafer could deflect up 
or down relative to the face. Taking this into account, 
subsequent refinements by the inventor produced a 
range of values of x for which the sign of the distortion 
was substantially zero, or at least only weakly positive 
or negative. Surprisingly, it was found that this range of 
values was substantially independent of the height h of 
the wall relative to the height Hof the protrusions. Sum- 
marizing, the following conditions were derived: 

• In order to ensure a uniform value of x, the wall 
should be equidistant from the outlying protrusions. 
To ensure optimum support of circular wafers, the 
wall and the outlying portion of the matrix distribu- 
tion therefore should have concentric circular ge- 
ometries; 

• In principle, the inner portion of the matrix distribu- 
tion (i.e. that part of the distribution excluding the 
outermost two circles of protrusions) does not have 
to have circular geometry, e.g. it might be given an 
orthogonal or honeycomb geometry. However, a 
problem with non-circular geometry in the inner por- 
tion is that it is then difficult to achieve a smooth 
geometrical transition between the inner and outly- 
ing portions of the distribution (whereby a geomet- 
rical mismatch would lead to poor wafer support in 
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the vicinity of the transition zone). For this reason, 
it is best to endow the whole matrix distribution (both 
inner and outlying portions) with a circular geome- 
try; 

5 • If the radial separation of the outlying circles in the 
matrix arrangement has a value d, then the value 
of x should be chosen so that 0.3 < x/d< 0.6. 

Tests performed with a substrate holder satisfying these 
specifications yielded excellent results, as will be further 
elucidated in the exemplary embodiments below. 
[0009] The term "substantially circular" as used with 
regard to the wall should be interpreted as implying that 
at least 80% of the circumference of the wall follows a 
circular path. The remaining 20% of the wall may, of 
course, also follow the same circular path; alternatively, 
it may, for example, comprise a notch (so as to be com- 
patible with notched wafers) or a straight portion (so as 
to be compatible with wafers having a flat edge). Simi- 
larly, the "concentric circles" in the matrix arrangement 
may deviate from exact circularity in the vicinity of such 
a notch or flat edge, but at least 80% of their circumfer- 
ence will be truly circular. In both cases, the term "arcu- 
rate interval" is to be construed as referring to a peri- 
metric distance (arc length) measured along the circum- 
ference of the wall or one of the concentric circles. 
[0010] It should be noted that, where reference is 
made in this text to a distance between two objects 
(such as x, d or y, for example), such distance should 
be regarded as being measured between heart lines 
(centerlines) passing through the two objects con- 
cerned. For example, the distance d between two cylin- 
drical protrusions is the distance between their cylindri- 
cal axes, measured parallel to the face from which the 
protrusions extend outward. 

[0011] A preferential embodiment of the apparatus 
according to the invention is characterized in that x sat- 
isfies the relationship 0.43 < x/d < 0.47. This range of 
values has been found to give a deflection of substan- 
tially zero magnitude along the edge of the wafer. 
[0012] In a particular embodiment of the apparatus 
according to the invention, the quadrilateral (parallele- 
piped) area defined by a pair of adjacent protrusions in 
one circle and the corresponding nearest pair of adja- 
cent protrusions in an adjacent circle has a substantially 
constant size, independent of the location of the quad- 
rilateral in the matrix distribution. The term "substantial- 
ly" as here employed should be interpreted as requiring 
the area of any first quadrilateral area to be equal to the 
area of any second quadrilateral area to within ±10%. 
Such an arrangement achieves a substantially homoge- 
neous distribution of protrusions over the area of the wa- 
fer. 

[001 3] Another embodiment of the apparatus accord- 
ing to the invention is characterized in that the mutual 
radial separation of any pair of adjacent circles is sub- 
stantially equal to d. The term "substantially equal" 
should here be interpreted as referring to a value which 
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is equal to of within ±10%. Such an embodiment further 
optimizes the uniformity with which the backside of the 
wafer is supported. 

[0014] In a specific embodiment of the apparatus 
specified in the previous paragraph, the face further s 
comprises a plurality of hollow shafts disposed around 
the common center of the circles and through each of 
which a piston can be moved so as to protrude through 
the said substantially flat plane, such an embodiment 
being characterized according to the invention in that 10 
each shaft is separately enclosed by a retaining wall 
(vacuum wall) which protrudes from the face and which 
has the form of a polygon, and that the shortest distance 
y from any side of the polygon to an adjacent protrusion 
outside the polygon satisfies the relationship 0.25 < y/d is 
< 0.45. The purpose of the said pistons is to raise and 
lower the wafer off and onto the protrusions, so that the 
wafer can be transferred to or received from a handling 
robot arm. The particular range of values here stipulated 
for the ratio y/d was determined by the inventor on the 20 
basis of calculations and experiments, and is optimized 
to account for that fact that, since a vacuum may be 
present on the outside of the polygon but not on its in- 
side, there is a substantial variation (as a function of in- 
plane position) in the perpendicular force exerted on the 25 
wafer in the vicinity of the polygon. Choosing y so as to 
satisfy the indicated relationship serves to minimize the 
distorting effects of such differential forces. 
[0015] The term "shortest distance" as employed in 
the previous paragraph refers to the length of a line seg- 30 
ment joining the relevant protrusion to the relevant side 
of the polygon, or to a linear extension of that side, and 
extending perpendicular to the said side. 
[0016] A particular embodiment of an apparatus as 
specified in the previous paragraph is characterized in 3$ 
that the polygon is a hexagon and that y satisfies the 
relationship 0.33 < y/d < 0.37. This particular choice of 
geometry and spacing gives particularly satisfactory re- 
sults with regard to wafer flatness. 

[0017] In a further embodiment of the apparatus ac- 40 
cording to the invention, the value of H lies in the range 
75 ujti - 1 25 urn On the one hand, it is desirable to have 
the protrusions as low as possible, so as to optimize 
heat transfer between the substrate and the holder; this 
is particularly important in the case of a wafer, which *s 
should reach thermal equilibrium with the holder as 
quickly as possible so as to avoid contraction or expan- 
sion (with attendant overlay errors) during exposure. 
However, on the other hand, if H is too small, this can 
result in too great a pressure drop between the wall and so 
the vacuum aperture(s); this in turn slows vacuum gen- 
eration and vacuum removal (thus reducing throughput) 
as well as resulting in a non-homogeneous vacuum 
(thus reducing wafer flatness isometry). A good working 
compromise between these conflicting effects is ss 
achieved by choosing Hto lie in the said range. 
[0018] Another embodiment of the apparatus accord- 
ing to the invention is characterized in that 1 jim < H-h 
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< 5 um If H-h is too large, the result will be an unaccept- 
able vacuum leak over the wall. On the other hand, H- 
h should be larger than the average (RMS) roughness 
of the backside of the wafer. Again, a good working com- 
promise between these demands is achieved by choos- 
ing H-h to lie in the stipulated range. 
[0019] It should be particularly noted that the inven- 
tion lends itself for use in "single-stage" or "multi-stage" 
lithographic apparatus, is suited to various wafer sizes 
(e.g. 150-mm, 200 -mm, 300-mm or 450-mm wafers), 
and can be employed both in current lithographic sys- 
tems (using UV light) and next-generation lithographic 
devices (e.g. using EUV, electrons or ions, in a vacuum 
environment). 

[0020] Although specific reference has been made 
hereabove to the use of the apparatus according to the 
invention in the manufacture of ICs, it should be explic- 
itly understood that such an apparatus has many other 
possible applications. For example, it may be employed 
in the manufacture of integrated optical systems, guid- 
ance and detection patterns for magnetic domain mem- 
ories, liquid-crystal display panels, thin -film magnetic 
heads, etc. The skilled artisan will appreciate that, in the 
context of such alternative applications, any use of the 
terms "reticle", "wafer" or "die" in this text should be con- 
sidered as being replaced by the more general terms 
"mask", "substrate" and "target area", respectively. 
[0021] The invention and its attendant advantages will 
be further elucidated with the aid of exemplary Embod- 
iments and the accompanying schematic drawings, 
wherein: 

Figure 1 renders a plan view of part of a substrate 
holder in accordance with the invention; 
Figure 2 renders a cross-sectional view of part of 
the subject of Figure 1 , taken along a diameter; 
Figure 3 shows a perspective view of a lithographic 
projection apparatus according to the invention, 
containing a substrate holder as depicted in Figures 
1 and 2; 

Figure 4 graphically depicts the vertical deformation 
A of a wafer as a function of wafer radius rin a sub- 
strate holder according to the invention, for various 
values of the radial distance x from the wall to the 
outermost circle of protrusions in that holder. 

[0022] Corresponding features in the various Figures 
are denoted by the same reference symbols. 

Embodiment 1 

[0023] Figures 1 and 2 show various aspects of a sub- 
strate holder in accordance with the invention. The plan 
view in Figure 1 is rendered in partial diametric cross- 
section in Figure 2. 

[0024] The depicted substrate holder comprises a 
plate 2 having a face 4 which is provided with a matrix 
arrangement of protrusions 6 {e.g. cylindrical burls 
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emerging out of the face 4). Each protrusion 6 has an 
extremity 6' remote from the face 4 and is thus embodied 
(dimensioned) that the said extremities 6' all lie within a 
single substantially flat plane 6° at a height H above the 
face 4. The plate 2 further comprises a wall 8 wh ich pro- s 
trudesfrom the face 4, substantially encloses the matrix 
arrangement, and has a substantially uniform height h 
above the face 4, whereby h < H. The face 4 inside the 
wall 8 is provided with a distributed plurality of apertures 
10 extending through the plate 2; through these aper- 10 
tures 1 0, the area enclosed by the wall 8 is connected 
to a vacuum pump. For the sake of clarity, only a small 
subset of the various protrusions 6, apertures 10 and 
circles 12 are shown in the Figures; in reality, the pro- 
trusions 6 are distributed over substantially the whole is 
area enclosed by the wall 8. 

[0025] As here depicted, the matrix arrangement 
comprises a series of concentric circles 12 along which 
the protrusions 6 are disposed at substantially regular 
arcurate intervals. The wall 8 is also circular, except in 20 
that it contains a relatively short straight portion 22. The 
wall 8 and circles 12 are concentric about a common 
center 14. The radial separation of the two outermost 
circles 12 is d, and, in this particular embodiment, the 
radial separation of any other pair of adjacent (consec- 25 
utive) circles 12 is also d. On the other hand, the radial 
distance between the wall 8 and the circle 12 nearest 
thereto is x. The value of x is engineered such that the 
ratio x/d lies in the range 0.3-0.6, and, more specifically, 
has a value of approximately 0.45. 30 
[0026] Also depicted as shaded features in the Figure 
are three different quadrilateral (parallelepiped) areas 
16,16M6 a , each of which is defined by an adjacent pair 
of protrusions 6 in one circle 1 2 and the nearest adjacent 
pair of protrusions 6 in an adjacent (consecutive) circle 35 
12. In this embodiment, the arcurate spacings of adja- 
cent protrusions 6 in the various circles 12 are chosen 
such that ail such quadrilateral areas 1 6 are of substan- 
tially the same size (same area). 

[0027] Figure 1 also shows one of a series of hollow 40 
shafts 18 which are symmetrically disposed around the 
common center 1 4 of the circles 1 2. Through each shaft 
18a piston can be moved so as to protrude through the 
flat plane 6 B defined by the outward-facing extremities 
6' of the protrusions 6. Each shaft 18 is separately en- 
closed by a retaining wall 20 which protrudes outward 
from the face 4 and which has the form of a polygon. 
The retaining wall 1 8 is thus configured that the shortest 
distance y from any side of the polygon 20 to an adjacent 
protrusion 6 outside the polygon 20 satisfies the rela- so 
tionship 0.25 < y/d < 0.45, with a specific value y/d = 
0.32. 

[0028] In this particular example, the plate 2 is com- 
prised of vitreous material, e.g. ceramic or glass. The 
height Hof the protrusions 6 is approximately 100 ujti, ss 
whereas the height h of the wall 8 (and also of the re- 
taining wall 20) is approximately 97 um The value of d 
is, for example, of the order of 1 mm. Such protrusions 



6 and walls 8,20 can be manufactured by a mechanical 
or chemical subtractive process. For example, a bare 
vitreous plate can be provided on one face with a mask 
corresponding to the desired positions of the protrusions 
6 and walls 8,20, and the unmasked portions of the plate 
can then be exposed to an etchant for a pre-determined 
time. 

Embodiment 2 

[0029] Figure 3 renders a schematic perspective view 
of a lithographic projection apparatus according to the 
invention. The apparatus comprises: 

• a radiation system 7 for supplying a projection beam 
25 of radiation (e.g. ultraviolet (UV) light, Extreme 
UV {X - 5-20 nm), or a beam of electrons or ions); 

• a mask table 5 provided with a mask holder 27 for 
holding a mask 29 (e.g. a reticle); 

• a substrate table 1 provided with a substrate holder 
17 for holding a substrate 19 (e.g. a resist-coated 
silicon wafer). According to the invention, the sub- 
strate holder 17 comprises a plate 2 as further elu- 
cidated in Embodiment 1 above; 

• a projection system 3 (e.g. a lens, mirror group or 
catadioptric system, or a particle focusing system) 
for imaging an irradiated portion of the mask 29 onto 
a target portion 35 (die) of the substrate 19. 

[0030] The radiation system 7 comprises a source 9 
(e.g. a Hg lamp or excimer laser) which produces a 
beam 33 of radiation. This beam 33 is passed along var- 
ious optical components (such as a stop 11 and selec- 
tive mirrors 13,15, and/or components such as a con- 
densor lens, intensity integrator, etc.) so that the beam 
25 emerging from the system 7 is substantially collimat- 
ed, monochromatic and uniformly intense throughout its 
cross-section. 

[0031] The beam 25 subsequently intercepts a reticle 
29 which is held in a mask holder 27 on a mask table 5. 
With the aid of the displacement means 31 , the mask 
table 5 can be moved accurately back and forth at least 
along the X-direction (the so-called scan direction). 
[0032] Having passed through (or been reflected, 
from) the reticle 29, the beam 25 passes through a pro- 
jection system 3, which focuses the beam 25 onto a die 
35 of the wafer 19. With the aid of the displacement 
means 21 , the substrate table 1 can also be moved ac- 
curately back and forth along the X-direction (scan di- 
rection). However, the substrate table 1 can also be 
moved back and forth in the Y-direction. 
[0033] The depicted apparatus can be used in two dif- 
ferent modes: 

• In step mode, the reticle table 5 is kept stationary, 
and an entire reticle image is projected in one go (/. 
e. a single flash") onto a wafer die 35. The sub- 
strate table 1 is then shifted in the X and/or Y direc- 
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tions so that a different die 35 can be irradiated by 
the (stationary) beam 25; 
• In scan mode, essentially the same scenario ap- 
plies, except in that a given die 35 is not exposed 
in a single "flash". Instead, the reticle table is moved 
in the scan direction with a speed v, so that the pro- 
jection beam 25 is caused to scan over a reticle im- 
age, and the substrate table 1 is simultaneously 
moved in the same or opposite direction at a speed 
V= Mv, in which M \s the magnification of the pro- 
jection system 3 (typically, M- 1/4 or 1/5). In this 
manner, a relatively large die can be exposed, with- 
out having to compromise on resolution. 

Embodiment 3 

[0034] Figure 4 graphically depicts the vertical defor- 
mation A (in nm) of a 200-mm wafer 1 9 as a function of 
wafer radius r(in mm) in a plate 2 as described in Em- 
bodiment 1, for various values of the radial distance x 
from the wall 8 to the outermost circle 12 of protrusions 
6. The radius r is measured from the common center 1 4. 
In this particular embodiment, the wall 8 is located at r 
= 97.75 mm, and the value of o*is 2.54 mm. The curves 
a-i in Figure 4 correspond to various values of x t starting 
at x = 1 mm (curve a) and increasing in steps of 0.05 
mm to x- 1 .4 mm (curve i). In accordance with the in- 
vention, all of these values ofx satisfy the relationship 
0.39 <x/d< 0.55. 

[0035] The maximum value of A is 37 nm (curve a), 
whereas the minimum value of A is about 4 nm (curve 
f). All values of A in the Figure fall well within a tolerance 
of 100 nm (and most within a tolerance of 50 nm). 



Claims 

1. A lithographic projection apparatus comprising: 

• a radiation system for supplying a projection 
beam of radiation; 

• a mask table provided with a mask holder for 
holding a mask; 

• a substrate table provided with a substrate 
holder for holding a substrate; 

• a projection system for imaging an irradiated 
portion of the mask onto a target portion of the 
substrate, 

the substrate holder comprising a plate having a 
face which is provided with a matrix arrangement of 
protrusions, each protrusion having an extremity re- 
mote from the face and being thus embodied that 
the said extremities all lie within a single substan- 
tially flat plane at a height Habove the face, the sub- 
strate holder further comprising a wall which pro- 
trudes from the face, substantially encloses the ma- 
trix arrangement, and has a substantially uniform 
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height h above the face, whereby h < H, the face 
inside the wall being provided with at least one ap- 
erture extending through the plate and through 
which the area enclosed by the wall can be ac- 
5 cessed, 

characterized in that: 

• the matrix arrangement comprises a series of 
concentric circles whereby the protrusions are 

10 disposed along each circle at substantially reg- 

ular arcurate intervals; 

• the wall is substantially circular, and is concen- 
tric with the said circles; 

• the radial distance x between the wall and the 
15 circle nearest thereto satisfies the relationship 

0.3 < x/d< 0.6, where d is the mutual radial sep- 
aration of the two circles nearest the wall. 

2. An apparatus according to Claim 1, characterized 
20 in that x satisfies the relationship 0.43 < x/d < 0.47. 

3. An apparatus according to Claims 1 or 2, charac- 
terized in that the quadrilateral area defined by a 
pair of adjacent protrusions in one circle and the 

25 corresponding nearest pair of adjacent protrusions 
in an adjacent circle has a substantially constant 
size, independent of the location of the quadrilateral 
in the matrix distribution. 

30 4. An apparatus according to any of the preceding 
Claims, characterized in that the mutual radial sep- 
aration of any pair of adjacent circles is substantially 
equal to d. 

35 s. An apparatus according to Claim 4, in which the 
face further comprises a plurality of hollow shafts 
disposed around the common center of the circles 
and through each of which a piston can be moved 

r so as to protrude through the said substantially flat 

40 plane, characterized in that each shaft is separately 
enclosed by a retaining wall which protrudes from 
the face and which has the form of a polygon, and 
that the shortest distance yf rom any side of the pol- 
ygon to an adjacent protrusion outside the polygon 

45 satisfies the relationship 0.25 < y/d < 0.45. 

6. An apparatus according to Claim 5, characterized 
in that the polygon is a hexagon and that /satisfies 
the relationship 0.33 < y/d < 0.37. 

50 

7. An apparatus according to any of the Claims 1-6, 
characterized in that H satisfies the relationship 75 
jim <H<125 nm. 

55 8. An apparatus according to Claim 7, characterized 
in that h satisfies the relationship 1 urn < H-h<5 urn 

9. A substrate holder for use in a lithographic projec- 
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7. 
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tion apparatus, the substrate holder comprising a 
plate having a face which is provided with a matrix 
arrangement of protrusions, each protrusion having 
an extremity remote from the face and being thus 
embodied that the said extremities all lie within a s 
single substantially flat plane at a height H above 
the face, the substrate holder further comprising a 
wall which protrudes from the face, substantially en- 
closes the matrix arrangement, and has a substan- 
tially uniform height h above the face, whereby h < 10 
H, the face inside the wall being provided with at 
least one aperture extending through the plate and 
through which the area enclosed by the wall can be 
accessed, 

characterized in that: is 

the matrix arrangement comprises a series of 
concentric circles whereby the protrusions are 
disposed along each circle at substantially reg- 
ular arcurate intervals; 20 
the wall is substantially circular, and is concen- 
tric with the said circles; 
the radial distance x between the wall and the 
circle nearest thereto satisfies the relationship 
0.3 < x/d< 0.6, where dis the mutual radial sep- 2s 
aration of the two circles nearest the wall. 

10. A device manufacturing method comprising the 
steps of: 

30 

providing a substrate which is at least partially 
covered by a layer of radiation-sensitive mate- 
rial; 

providing a mask which contains a pattern; 
using a projection beam of radiation to project 35 
an image of at least part of the mask pattern 
onto a target area of the layer of radiation -sen- 
sitive material, 

whereby, at least during the projection step, the 40 
substrate is held on a substrate holder comprising 
a plate having a face which is provided with a matrix 
arrangement of protrusions, each protrusion having 
an extremity remote from the face and being thus 
embodied that the said extremities all lie within a *s 
single substantially flat plane at a height H above 
the face, the substrate holder further comprising a 
wall which protrudes from the face, substantially en- 
closes the matrix arrangement, and has a substan- 
tially uniform height h above the face, whereby h < so 
H, the face inside the wall being provided with at 
least one aperture extending through the plate and 
through which the area enclosed by the wall can be 
accessed, 

characterized in that: 55 

the matrix arrangement comprises a series of 
concentric circles whereby the protrusions are 



disposed along each circle at substantially reg- 
ular arcurate intervals; 

the wail is substantially circular, and is concen- 
tric with the said circles; 
the radial distance x between the wall and the 
circle nearest thereto satisfies the relationship 
0.3 < x/d< 0.6, where d'\s the mutual radial sep- 
aration of the two circles nearest the wall. 

11. A device manufactured in accordance with the 
method of Claim 10. 
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(54) Lithographic projection apparatus with substrate holder 

(57) A lithographic projection apparatus comprising: 



• a radiation system (7) for supplying a projection 
beam (25) of radiation; 

• a mask table (5) provided with a mask holder (27) 
for holding a mask (29); 

• a substrate table (1 ) provided with a substrate hold- 
er (1 7) for holding a substrate (19); 

• a projection system (3) for imaging an irradiated 
portion of the mask (29) onto a target portion (35) 
of the substrate (19), 

the substrate holder (17) comprising a plate (2) having 
a face (4) which is provided with a matrix arrangement 
of protrusions (6), each protrusion (6) having an extrem- 
ity (6') remote from the face (4) and being thus embodied 
that the said extremities (6 1 ) all lie within a single sub- 
stantially flat plane (6") at a height H above the face (4), 
the substrate holder (17) further comprising a wall (8) 
which protrudes from the face (4), substantially enclos- 
es the matrix arrangement, and has a substantially uni- 
form height h above the face (4), whereby h < H, the 
face (4) inside the wall (8) being provided with at least 
one aperture (10) extending through the plate (4) and 
through which the area enclosed by the wall (8) can be 
accessed, whereby: 

• the matrix arrangement comprises a series of con- 
centric circles (1 2) whereby the protrusions (6) are 
disposed along each circle (1 2) at substantially reg- 
ular arcurate intervals; 



the wall (8) is substantially circular, and is concen- 
tric with the said circles (12); 
the radial distance x between the wall (B) and the 
circle (12) nearest thereto satisfies the relationship 
0.3 < x/d < 0.6, where d is the mutual radial sepa- 
ration of the two circles (12) nearest the wall (8). 
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